A cDNA representational dierence analysis (cDNA-RDA) and an arrayed ®lter technique were used to characterize transformation-related genes in oral cancer. From an initial comparison of normal oral epithelial cells and a human papilloma virus (HPV)-immortalized oral epithelial cell line, we obtained 384 dierentially expressed gene fragments and arrayed them on a ®lter. Two hundred and twelve redundant clones were identi®ed by three rounds of back hybridization. Sequence analysis of the remaining clones revealed 99 unique clones corresponding to 69 genes. The expression of these transformation related gene fragments in three nontumorigenic HPV-immortalized oral epithelial cell lines and three oral cancer cell lines were simultaneously monitored using a cDNA array hybridization. Although there was a considerable cell line-to-cell line variability in the expression of these clones, a reliable prediction of their expression could be made from the cDNA array hybridization. Our study demonstrates the utility of combining cDNA-RDA and arrayed ®lters in highthroughput gene expression dierence analysis. The dierentially expressed genes identi®ed in this study should be informative in studying oral epithelial cell carcinogenesis.
Introduction
Oropharyngeal cancers are epithelial cell-derived neoplasms. Infection with high-risk human papilloma virus (HPV) and exposure to the chemical carcinogens in tobacco are associated with the development of oral cancers (Blot et al., 1988; Woods et al., 1993) . Re¯ecting such epidemiological ®ndings, primary normal human oral keratinocyte (NHOK) can be converted to tumorigenic cells in a sequential twostep process utilizing transfection of HPV-16 or -18 DNA followed by exposure to chemical carcinogens (Kim et al., 1993; Shin et al., 1994; Park et al., 1995) . This in vitro carcinogenesis model, along with the ability to grow NHOK in cell culture, provides an ideal system to study the alterations in gene expression that accompany cancer progression in humans. Although several genes have been reported to be mutated or dierentially expressed in oral cancers (Tadokoro et al., 1989; Saranath et al., 1989; Kannan et al., 1994a,b) , a much larger number of genes are likely to be involved in the transformation of oral epithelial cells.
The number of genes that are dierentially expressed between normal and cancer cells is thought to be *1% of the estimated *20 000 genes expressed in individual cell types (Zhang et al., 1997) . Recent technological progress has made it feasible to identify a large number of dierentially expressed genes (Lisitsyn et al., 1993; Velculescu et al., 1995; Diatchenko et al., 1996; Gress et al., 1996; Schena et al., 1996) . Nonetheless, it still remains a challenging issue to determine how relevant the expression dierence of a particular gene is to the underlying oncogenic process. A wide range of other factors such as cell culture conditions, cell proliferation rate, and the extent of de-dierentiation can aect gene expression. In theory, these secondary changes, re¯ecting individual cell line or tumor variation, can be identi®ed by increasing the sample numbers. One approach to this problem is to sequentially screen a panel of cancer cell RNAs in a Northern blot analysis, using as the probes each dierentially expressed gene. This conventional method is impractical for the expression analysis of a large number of genes. Furthermore, the relatively large amounts of RNA required for multiple Northern blot analyses would make it impossible to study gene expression in primary tumor samples, which in most cases are limited in quantity.
In this study, we describe a high-throughput differential gene expression analysis based on a cDNA representational dierence analysis (cDNA-RDA) and a cDNA array hybridiziation. Using normal and HPVimmortalized oral epithelial cells as an index comparison, we isolated 99 unique clones representing dierentially expressed genes by using a cDNA-RDA technique (Lisitsyn et al., 1993; Hubank and Schatz, 1994; Braun et al., 1995) . We then used a cDNA array hybridization to study the expression of these clones in three nontumorigenic HPV-immortalized oral epithelial cell lines and three oral cancer cell lines. The overall approach is simple and highly ecient, suitable for analysis of gene expression dierences in a parallel fashion.
Results
cDNA-RDA provides a high-output method to identify gene expression dierences between NHOK and HOK18L cells
To better de®ne the molecular events underlying epithelial cell carcinogenesis, we carried out a cDNA-RDA to identify the dierences in gene expression between NHOK and a late-passage HPV-immortalized cell line HOK18L. mRNA isolated from 60 mg of total RNA was used to synthesize the cDNA and the amplicons to be used in subtractive hybridization. The subtraction process was carried out three times, using the tester to driver amplicon ratio of 1 : 100, 1 : 800 and 1 : 4000 in three successive rounds of subtraction. An agarose gel analysis of the PCR products revealed selective ampli®cation of a distinct set of fragments after a single round of subtraction (Figure 1a , lane 3 and 6). The overall pattern of PCR fragments did not change signi®cantly with additional subtraction steps (Figure 1a, lanes 4, 5, 7 and 8) .
During the subtraction process, the amplicons that are common to both the tester and driver populations are expected to be diluted out. To assess the overall eciency of the subtraction process, we examined the products after each round of subtraction on a Southern blot using either the NHOK cDNA or HOK18L cDNA as the probes. The cDNA probes hybridized to both initial amplicons equally well, suggesting that the majority of the initial amplicons represent the transcripts that are common to both cell population ( Figure 1b and c, lanes 1 and 2). As expected, the subtraction products continue to hybridize to the tester cDNA ( Figure 1b , lanes 6 ± 8; Figure 1c , lanes 3 ± 5). In contrast, hybridization of the driver cDNA to the subtraction products diminishes signi®cantly after a single round of subtraction and disappears progressively on successive rounds (Figure 1b , lanes 3 ± 5; Figure 1c , lanes 6 ± 8).
Arrayed ®lters provides a high-throughput analysis of the cDNA-RDA products
The Southern blot analysis above demonstrated that signi®cant enrichment of transcripts unique to one cell type can be achieved in a single round of subtraction. Based on the observed cross-hybridization to the driver cDNA, we empirically chose the PCR fragments after the second round of cDNA-RDA for further analysis.
After subcloning DpnII digested PCR fragmens into the BamHI site of pBluescript KS 7 , total 384 clones, 192 NHOK-speci®c (NHOK amplicons subtracted by HOK18L amplicons) and 192 HOK18L-speci®c (HOK18L amplicons subtracted by NHOK amplicons) clones, were isolated into 96-well microtiter plates and the insert fragments were ampli®ed using T7 and T3 primers¯anking the cloning sites. Of the 384, 27 clones failed to produce PCR fragments and 12 clones did not have any inserts (data not shown). Most of the remaining 345 clones contained a single DpnII fragment, but some (510%) had two DpnII fragments (data not shown).
For an initial screening, all 384 PCR fragments were spotted in duplicate onto a single 7611 cm ®lter membrane in a 96 well pattern such that the NHOKspeci®c and HOK18L-speci®c clones occupy the upper and lower half of the individual 96 well, respectively ( Figure 2 ). The ®lter membrane was then analysed in a reverse Northern blot hybridization using either the tester or driver cDNA amplicons as the probes. The hybridization pattern is complex, but clearly demonstrates that the NHOK-amplicons to hybridize to the NHOK-speci®c clones (Figure 2a) . Similarly, the HOK18L-amplicons to hybridize to the HOK18L-speci®c clones (Figure 2b ). The frequency of the NHOK-amplicons hybridizing to the HOK18L-speci®c clones was less than 1%. There were several clones that did not hybridize to either probe, especially among NHOK-HOK18L NHOK-HOK18L Figure 1 Resolution of dierentially expressed gene fragments by cDNA-RDA. cDNA amplicons from NHOK and HOK18L cells were subjected to subtraction PCR at a tester to driver ratio of 1 : 100 (Round 1); 1 : 800 (Round 2); and 1 : 4000 (Round 3). An ethidium bromide staining (a) and autoradiogram after hybridization with 32 P-labeled cDNA from NHOK (b) and a late-passage HPV-transformed HOK18L cells (c) are shown. The initial cDNA amplicons and subtraction PCR fragments were fractionated on a 1.5% agarose gel. Lane 1 and 2: 0.4 mg of unsubtracted cDNA amplicons from HOK18L and NHOK; lanes 3 ± 5: 0.2 mg of HOK18L amplicons subtracted with NHOK amplicons after around 1, 2, and 3, respectively; lanes 6 ± 8: 0.2 mg of NHOK amplicons subtracted with HOK18L amplicons after round 1, 2, and 3, respectively. Size standards are shown to the left. Exposure time: *2 h the HOK18L-speci®c clones. These clones probably represent transcripts present in low abundance.
To validate the accuracy of the above cDNA array hybridization approach, 18 randomly chosen clones were used as the probes in a conventional Northern blot analysis. Seventeen of these 18 clones recognized transcripts that were dierentially expressed in the expected pattern. One clone failed to generate any signals on Northern blot analysis. Figure 3 shows the hybridization pattern of nine of these 18 clones. The overall sensitivity of 494% (17/18) along with the low false positive rate makes cDNA-RDA an extremely ecient method for identifying dierentially expressed transcripts.
Of the 345 clones that contain insert fragments, 212 clones were found to be redundant clones through the back hybridization of the arrayed ®lters with a group of 16 ± 20 sequentially chosen clones. DNA sequence analysis of remaining 133 clones revealed 45 nonredundant clones in the NHOK-speci®c group (Table  1) and 54, in the HOK18L-speci®c group (Table 2) . On several occasions, multiple clones corresponding to dierent non-overlapping regions of a common gene were isolated. In particular, nine dierent regions of bullous pemphigoid antigen-1 (BPAG-1) mRNA were present among the NHOK-speci®c clones. The 99 nonredundant clones therefore represent 69 genes. Of these, 39 genes encoded known proteins and 14 could be matched to EST clones. The remaining 16 clones were novel sequences and could not be matched to the existing sequences in the database. Sixteen genes were represented by 46 non-overlapping cDNA-RDA clones.
A cDNA array hybridization provides a parallel gene expression analysis in multiple cells
To determine the generality of expression patterns of the subtraction clones, we extended the cDNA array hybridization by including additional oral epithelial or oral cancer cell lines. Forty-four NHOK-speci®c and 48 HOK18L-speci®c clones were re-arrayed and hybridized with ampli®ed cDNA probes generated from three non-tumorigenic HPV-immortalized oral epithelial cell lines (early-passage HOK18A, B, and C) and three independently-derived oral cancer cell lines (HEp2, 1483, and SCC4). Under light microscopy, the appearance of HOK18B, HOK18C, and HOK18A cells, in decreasing order, resembles the morphology of NHOK. The three tumorigenic cells do not resemble NHOK or each other (data not shown).
As predicted from the initial screening hybridization (see Figure 2 ), most NHOK-speci®c gene fragments hybridized with the cDNA amplicon probes from NHOK, while the same probe failed to hybridize to the HOK18L-speci®c fragments ( Figure 4a ). Likewise, the probes from HOK18L speci®cally hybridized to the HOK18L-speci®c, but not to the NHOK-speci®c gene fragments ( Figure 4h ). The hybridization pro®les generated by the cDNA amplicon probes from the three HPV-immortalized oral epithelial cell lines, HOK18B, HOK18A, and HOK18C were similar to the NHOK pro®le with few exceptions (Figure 4b ± d) . Notably, several NHOK-speci®c fragments hybridized weakly or not at all to the probes from these immortalized cells. Furthermore, these probes hybridize to several HOK18L-speci®c fragments. The expression pro®les of three oral cancer cell lines were more variable (Figure 4e ± g ). The overall pattern, however, was consistent with further down-regulation of the NHOK-cell speci®c genes and up-regulation of the HOK18L-speci®c genes. In particular, the hybridization pro®le generated by the SCC4 or 1483 probes showed continued expression, although at diminished levels, of several NHOK-speci®c clones. At the same time, the SCC4 or 1483 probes hybridized to increasing number of HOK18L-speci®c clones. Interestingly, the hybridization pro®le generated by the HEp2 probe was remarkably similar to the pro®le generated by the HOK18L probes (compare Figure 4g and h) .
To better assess the expression of dierentially expressed clones, we quanti®ed the cDNA array hybridization signals of four randomly chosen clones from each group (see Figure 4 , clones 25 ± 28 and 80 ± 83). The expression of 4 NHOK-speci®c clones is clearly down-regulated in the HPV-immortalized oral epithelial cell lines and oral cancer cell lines, in a progressive manner (Figure 5a ). The expression of HOK18L-speci®c clones, in general, were up-regulated in both HPV-immortalized cell lines and cancer cells, with a tendency for a higher expression in cancer cell lines (Figure 5b) .
The predictive value of the cDNA array hybridization was independently investigated by Northern blot analysis using four randomly chosen clones representing the NHOK-speci®c (laminin g2 and thrombospondin) and the HOK18L-speci®c genes (gravin and AA112374) as the probes (Figure 6 ). Both laminin g2 and thrombospondin are secreted extracellular matrix proteins that previously have been implicated in oncogenic transformation (Slack and Bornstein, 1994; Lazarova et al., 1995) . Northern blot analysis revealed that the expression of laminin g2 (Figure 6a ) and thrombospondin ( Figure 6b) were diminished in HOK18A, B, C and SCC4 cells and absent in Gene fragments preferentially expressed in NHOK, with the insert sizes and the Gen-Bank matches are listed. Non-overlapping clones of redundant genes are denoted in italics. Bold lettering indicates the genes that were con®rmed to be dierentially expressed in Northern analysis except AA045253 which produced no detectable transcripts. The homology region corresponds to the nucleotide positions within the Gen-Bank sequence that displayed 595% identity over 50 bp region. The homology search was conducted using BLASTN program against the NCBI Non-Redundant and EST databases. Clones that failed to match any existing database entry (as of July, 1997) in BLASTN or BLASTX search are denoted as novel HOK18L, HEp2 and 1483. Gravin, a 230 kd protein presumed to play a role in subcellular compartmentalization of both A and C protein kinases (Nauert et al., 1997) , was expressed in all six HPV-immortalized cell lines and oral cancer cell lines with the highest level seen in HOK18B and HOK18C (Figure 6c ).
AA112374, on the other hand, was expressed preferentially in three oral cancer cell lines, HEp2, SCC4, and 1483, but was also detectable at a low level in HOK18A (Figure 5d ). We next compared the hybridization signals from the cDNA array hybridization (Figure 6e ± h) with the above Northern blot data. Gene fragments preferentially expressed in HOK18L, with the insert sizes and the Gen-Bank matches are listed. Non-overlapping clones of redundant genes are denoted in italics. Bold lettering indicates the genes that were con®rmed to be dierentially expressed in Northern analysis. The homology region corresponds to the nucleotide positions within the Gen-Bank sequence that displayed 495% identity over 50 bp region. The homology search was conducted using BLASTN program against the NCBI Non-Redundant and EST databases. Clones that failed to match any existing database entry (as of July, 1997) in BLASTN or BLASTX search are denoted as novel Overall, there was an excellent qualitative correlation between the reverse Northern and conventional Northern blot analysis.
Discussion
In this study we describe the utility of a cDNA-RDA coupled to arrayed ®lters in the anaylsis of a large number of dierentially expressed genes in oral epithelial cell lines representing various stages of transformation. In cDNA-RDA, PCR ampli®ed cDNA fragments are used in subtractive hybridization (Hubank and Schatz, 1994; Braun et al., 1995) . Although there was a concern that ampli®cation of cDNA may alter the complexity of cDNA and favor the identi®cation of a handful of abundantly expressed genes, the outcome of our analysis clearly demonstrates the cDNA-RDA is capable of identifying a large number of dierentially expressed genes. In fact, as suggested in a recent study, multiple rounds of PCR results in preferential ampli®cation of templates that are present in low abundance (Mathieu-Daude et al., 1996) . We believe that such a bias in ampli®cation served to partially normalize the initial cDNA population. Furthermore, the use of ampli®ed cDNA made it possible to complete the whole dierential cloning process using only a small amount of RNA (60 mg of total RNA), which represents an important issue if a comparison between human tissue samples were to be undertaken.
The full extent of dierences in gene expression between NHOK and HOK18L cells cannot be estimated from our study, because only a limited number of clones were analysed. It is noteworthy that cDNA-RDA appears to select for genes that display a Figure 5 Quantitative comparison of dierential gene expression pro®le. The relative expression levels of four clones each from the NHOK minus HOK18L cloning (#25 ± 28) and the HOK18L minus NHOK cloning (#80 ± 83) are shown. The relative expression levels correspond to the fold dierence relative to the hybridization signal from a control spot containing PCR fragments generated from pBluescript KS 7 using the T3 and T7 primer. The identities of clones are desmoglein (#25); Jagged-1 (#26); ®bronectin (#27); E-cadherin (#28); cMOAT (#80); novel (#81); AA112344 (#82); complement C3 protein (#83) signi®cant dierence in the expression level. All 17 clones that produced detectable transcripts in Northern blot analysis were dierentially expressed in all-or-none fashion, and we have yet to identify a clone that is dierentially expressed by a few fold (see Figure 3) . In a recent study using a serial analysis of gene expression technique, it has been reported that 83 genes are dierentially expressed by more than tenfold between normal intestinal epithelium and colon cancers (Zhang et al., 1997) . The 69 genes identi®ed in this study, therefore, likely represent a large fraction of the genes that are signi®cantly dierentially regulated between NHOK and HOK18L cells.
Although it is becoming technically feasible to conduct comprehensive analyses of the gene expression dierences between tumor cells and normal cells (Lisitsyn et al., 1993; Velculescu et al., 1995; Diatchenko et al., 1996; Gress et al., 1996; Schena et al., 1996) , it is often dicult to identify the gene expression dierences that are intrinsic to transformation. In addition to the underlying transformation process, a host of other factors, including the dierences in the growth rate, the degree of dedierentiation, and the tumor microenvironment are expected to aect gene expression in tumor cells. Although it is dicult to identify the genes that are causal for transformation, when a particular gene is found to be dierentially expressed in multiple cell lines or tumor samples, the likelihood that such a gene is involved in transformation would increase.
In order to perform a parallel gene expression analysis in multiple tissue samples, we probed ®lters that were arrayed with the unique gene fragments above with ampli®ed cDNA probes from three nontumorigenic HPV-immortalized oral epithelial cell lines and three oral cancer cell lines. The mRNA expression level among dierent cell lines determined by a cDNA array hybridization analysis was in excellent qualitative agreement with the mRNA expression determined in a conventional Northern blot analysis.
The cDNA array hybridization, however, underestimated the quantitative dierences in the mRNA expression level among dierent cell lines. We attribute this loss in the dynamic range of detection to two factors. First, we used PCR-ampli®ed cDNA, rather than cDNA, as the probes in the cDNA array hybridization analysis. As noted above, the PCR ampli®cation could have enriched the cDNA fragments present in low abundance. This will increase the sensitivity of detecting a clone corresponding to a rare transcript, but at the same time, reduce the hybridization signal dierences between rare and abundant transcripts. Second, in a reverse Northern analysis, the hybridization signal is determined by the abundance of individual cDNA fragments in the ampli®ed cDNA probe. Therefore, one cannot use excess probes to drive the hybridization to completion as is done in a conventional Northern blot analysis. Since re-annealing of nucleic acids does not occur in ®rst-order kinetics (Wetmur and Davidson, 1968) , we do not expect a linear relationship between the hybridization signal and the concentration of individual cDNA in a complex population of cDNAs used as the probe in this study.
The phenotypes of cell lines used in this study are quite variable. HOK18A, B, and C cells are three clonal lines derived by introducing HPV18 DNA into NHOK. These cells, although immortal, are anchorage-dependent and do not form tumors in nude mice. In addition, these cells, especially those in early passage, retain many morphological features of the NHOK. Therefore, it was not surprising that the gene expression pro®le of the dierentially expressed clones in these cells resembled more of the expression pro®le seen in NHOK. These cells as well as one cancer cell line, SCC4, while expressing several HOK18L-speci®c genes, continue to express many NHOK-speci®c genes. On the other hand, in HEp2 and, to a signi®cant degree, 1483 cells, further loss in the expression of NHOK-speci®c clones with gain in the expression of the HOK18L-speci®c clones are seen. These gradual, but progressive, changes in the expression of transformation-related genes are in line with the multi-step model of epithelial cell carcinogenesis (Kinzler and Vogelstein, 1996) .
Many genes down-regulated in HPV-immortalized oral epithelial cells and oral cancer cells encode the components of hemidesmosomes (Borradori and Sonnenberg, 1996) or other epithelial cell speci®c proteins, indicating a loss of epithelial cell features in HPV-transformed cells. Included in this list are laminin g2, laminin a3, integrin a 6 , integrin b 6 , BPAG-1, Ecadherin, P-cadherin, desmoglein, cytokeratin 6, and cytokeratin 14 (Lersch and Fuchs, 1988; Breuss et al., 1993; Karpati et al., 1993; Tryggvason, 1993; Koch and Franke, 1994; Guo et al., 1995; Borradori and Sonnenberg, 1996) . On the other hand, genes that are up-regulated in HPV-transformed cells are more diverse. Although several studies have shown that genes that are associated with rapid cell proliferation are frequently up-regulated in neoplastic cells (Gress et al., 1996; Zhang et al., 1997) , there was a notable paucity of such genes in our study. We attribute this dierence to the fact that the growth rate of the NHOK, HPV-immortalized oral epithelial cells, and oral cancer cells in tissue culture is similar.
Several genes identi®ed in this study have been reported to be dierentially expressed in cancers and to aect cell proliferation and tumor progression. For example, the expression of cadherins (Takeichi, 1993) , SPARC (Jendraschak and Sage, 1996) , laminin (Mizushima et al., 1996) , thrombospondin (Grossfeld et al., 1997) , protein tyrosine phosphatase (CL100) (Loda et al., 1996) , and MAGE proteins (Itoh et al., 1996) , have been reported to be altered in tumors. It is not known whether any genes identi®ed in this study can be causally linked to the carcinogenesis, but several genes, such as AA112374 (see Figure 6d ) that are preferentially expressed in cancer cell lines represent potential candidates. Interestingly, three of the seven known family members of phosphodiesterase (Degerman et al., 1997) were identi®ed as transformed cellspeci®c genes. In addition, gravin which binds protein kinase A was up-regulated (Nauert et al., 1997) , suggesting a potential disturbance in the protein kinase A dependent cytoplasmic signaling in immortalized oral epithelial cells and oral cancer cell lines.
In conclusion, we have demonstrated the highthroughput utility of cDNA-RDA and cDNA array hybridization in parallel gene expression analysis to identify genes that are dierentially expressed in oral cancer cells. A cDNA-RDA is proven to be highly ecient and generates a diverse set of gene fragments, suitable for a comprehensive analysis of gene expression dierences. The re-iterative nature of cDNA array hybridization is ideal to study expression of a large number of genes in multiple cell lines or tumor samples in a parallel fashion. This combined approach can be carried out in most laboratories without the need for custom or special equipment. The dierentially expressed genes identi®ed here should be informative in studying oral epithelial cell carcinogenesis.
Materials and methods

Cell cultures
NHOK from healthy individuals and the human oral epithelial cell lines HOK18A, B, and C were cultured in Keratinocyte Growth Medium (KGM) (Clonetics, San Diego, CA) as previously described Shin et al., 1994) . Oropharyngeal cancer cell lines HEp2 and SCC4 were obtained from the American Type Culture Collection (Rockville, MD) and cultured in DMEM/Ham's F12 (HEp2) and DMEM (SCC4) supplemented with 10% fetal bovine serum and 0.5 mg/ml hydrocortisone. The 1483 oral cancer cell line containing HPV-18 genome was a gift from Dr EJ Shillitoe and cultured as described (Steele et al., 1993) .
Cloning of dierentially expressed genes by cDNA-RDA mRNA was isolated from 70 ± 90% con¯uent cultures using RNA STAT-60 (Tel-Test, Friendswood, TX) and Oligotex mRNA columns (Qiagen, Chatsworth, CA). A cDNA-RDA was carried out using mRNA obtained from 60 mg of total RNA as described (Braun et al., 1995) . The annealing was carried out in 2.5 ml of 10 mM EPPS [N-(2-hydroxyethyl)piperazine-N'-3-propanesulfonic acid], 1 mM EDTA, 1 M NaCl, and 10% polyethylene glycol (MW 8000) for a minimum 16 h at 678C. Individual cDNA-RDA fragments were obtained by cloning DpnII-digested subtraction PCR mixture after two rounds of RDA into the BamHI site of pBluescript KS 7 (Strategene, La Jolla, CA).
Arrayed ®lters and hybridization analysis
Individual bacterial transformants were isolated into 96-well microtiter plates containing 100 ml of LB amp (100 mg/ ml) media and incubated overnight at 378C. Using a 96-well replicating tool (V&P Scienti®c, San Diego, CA), bacterial culture (51 ml) was transferred into a 96-well Thermowell plate (Costar, Cambridge, MA) containing 60 ml of 200 mM dNTP, 1 ng/ml T7 (24-mer) and T3 (24-mer) primer each and 0.01 unit/ml Taq polymerase in a standard PCR buer. Ampli®cation was carried out for 35 cycles (948C for 40 s, 668C for 30 s, 728C for 45 s, and 728C for 5 min for ®nal extension. The average size of the insert fragment was *400 bp.
The PCR ampli®ed inserts were spotted onto a 7611 cm HyBond N + (Amersham Life Science, Arlington Height, IL) membrane with a 96-well replicating tool using a template capable of arraying up to 864 individual spots (V&P Scienti®c). An estimated volume of transferred DNA with the replicating tool was 0.5 ml PCR product (*50 ng/ml) per spot. The ®lter membrane was overlaid sequentially on 3 MM papers wetted with 0.5 N NaOH and 1.5 M NaCl for 5 min, 0.5 M Tris-HCl (pH 7.5) and 1.5 M NaCl for 5 min, and 46SSPE (16solution contains 0.18 M NaCl, 10 mM NaH 2 PO 4 , pH 7.4, 5 mM EDTA) for 5 min and then baked in a 808C vacuum oven for 2 h. Hybridization was carried out in a buer containing 50% formamide, 66SSPE, 106Denhardt's (0.2% (w/v) each Ficoll 400, polyvinylpyrrolidone, and BSA), 2% SDS, 100 mg/ml denatured salmon sperm DNA, and 50 ng/ml 32 P-labeled DNA probes for 18 h at 428C. To generate the probes, cDNA from each cell line was digested with DpnII, ligated with RBgl adaptors, and then ampli®ed for 20 cycles using RBgl24 as the primer (these ampli®ed cDNAs are essentially equivalent to the amplicons used in cDNA-RDA). The labeling was carried out using a random prime labeling kit (Prime-it II, Strategene) following the manufacturer's conditions. Following the hybridization, the ®lters were washed (0.16SSPE and 0.1% SDS at 658C for 20 min) and exposed to an autoradiography ®lm at 7808C. The hybridization signals were quanti®ed on a Phosphorimager (Molecular Dynamics, Sunnyvale, CA) using the ImageQuant program.
Northern analysis
Five mg of total RNA was fractionated on a 1% agarose/ 3.7% formaldehyde gel and transferred overnight onto a Hybond + membrane using 106SSPE. Hybridization was carried out as above except that 10% dextran sulfate was added to the hybridization buer. The ®lter was washed (0.16SSPE and 0.1% SDS at 628C for 20 min) and exposed to an autoradiography ®lm at 7808C. Loading of an equivalent amount RNA in each lane was assessed from ethidium bromide staining of 28S and 18S rRNA.
